palmitoylation to function properly. The molecular details by which this palmitoyl modi®cation affects protein function remain poorly understood. To facilitate in vitro biochemical and structural studies of the role of palmitoylation on protein function, a method was developed for alkylating peptides with saturated C 16 groups at cysteine residues and demonstrated using peptides derived from the palmitoylated region of Sindbis virus E2 glycoprotein. The synthetic approach takes advantage of disul®de chemistry to speci®cally modify only the cysteine residues within peptides and covalently links C 16 Palmitoylation is a process by which proteins are modi®ed post-translationally by the covalent attachment of saturated 16-carbon (palmitoyl) fatty acid groups. These palmitoyl groups are joined by cellular enzymes to targeted cysteine residues via a labile thioester linkage (1) . The palmitoylation modi®cation is a reversible event and has been associated with a number of proteins that are involved in signal transduction pathways, such as the members of the src family of protein tyrosine kinases (2±7), the G-protein a s subunit (8, 9) , the G-protein receptor kinase GRK6 (10) In vitro studies of the biochemical and structural effects of palmitoylation require the introduction of palmitoyl groups at cysteine side chains. To date, synthetic methods either do not target palmitoyl groups speci®cally to cysteines (21, 22) or else rely upon careful protection/deprotection strategies during solid-phase peptide synthesis (23, 24) . To assist our biochemical and structural studies of alphavirus assembly in model membrane systems, we developed a simple synthetic approach for cysteine-speci®c alkylation of peptides with C 16 groups and demonstrated the technique using peptides derived from the palmitoylated region of the Sindbis virus E2 glycoprotein. To generate these peptide modi®cations, a new thioalkylating agent, hexyldecyldithiopyridine, was developed that speci®cally tethers saturated C 16 groups to cysteine residues in peptides via disul®de bridges. The organic synthesis and puri®cation of these alkylated peptides are reported here.
The addition of the C 16 alkyl groups to peptides as described below is shown to confer a membrane-anchoring capacity in a manner that mimics in vivo palmitoylation. Company and l-a-phosphatidylcholine (PC) was purchased from Avanti Polar Lipids. Silica gel 60 (230±400 mesh) was purchased from E. Merck.
Synthesis of hexyldecyl-dithiopyridine (1) As outlined in step 1 of Fig Step 1.
Step 2.
Step 3. 
Results and Discussion
Synthesis, puri®cation and characterization of alkylated peptide compounds
The aim of this study was to covalently link saturated C 16 alkyl groups via disul®de linkages to cysteines in peptides and thus mimic the palmitoylated state of a protein. A simple synthesis scheme ( Fig. 1 ) was developed to achieve this aim. The scheme features the use of a new thioalkylating reagent, hexyldecyl-dithiopyridine [1] , that can transfer saturated C 16 groups to peptides with the desired cysteine speci®city. The puri®ed reaction products from step 1 of Fig. 1 Using 1, E2/12 (2) was alkylated as described in step 2 of Fig. 1 . The reaction products from step 2 were eluted from a C 18 reverse-phase column using a conventional water/ acetonitrile/0.1% TFA solvent system (see Experimental Procedures). A peak that eluted at 56% B was collected and analyzed by FABS, this analysis con®rmed that the collected peak contained a compound having a molecular mass corresponding to the alkylated product 3 ( Fig. 2A ). This HPLC puri®cation of the reaction mixture from step 3 using the formic acid/acetonitrile/water solvent system results in a peak that elutes at 98% B from the C 4 reversephase column. Analysis of this peak using PDMS veri®ed that the peak contained the alkylated product 5 (Fig. 2B) . To further characterize the attachment of C 16 groups using the designed synthesis scheme, both 2 and 3 were analyzed by reverse-phase HPLC (Fig. 3A±C) . Twenty-®ve micrograms of 2 with a 10-fold molar excess of the disul®de-reducing agent DTT were loaded onto an analytical C 4 reverse-phase column and eluted using a 0±100% acetonitrile gradient (see Experimental Procedures); 2 elutes at < 30% B (Fig. 3A ). An identical amount of 3 was also analyzed and this compound typically elutes at < 57% B (Fig. 3B) . The increased hydrophobicity of this compound, as indicated by the longer elution time during the chromatographic run, is consistent with the addition of the hydrophobic C 16 group to peptide 2. Finally, compound 3 was incubated for 2 h with 10-fold molar excess of DTT to reduce the putative disul®de bond and 25 mg of this sample was subsequently analyzed by HPLC as described above (Fig. 3C) . The resulting peak appears on the chromatogram at the identical position of the peak that corresponds to 2 (Fig. 3A) . This observation is consistent with the idea that the added DTT reduces the disul®de bond in the product 3 and regenerates the original reactant 2. This result further con®rms that the synthesis scheme that has been developed alkylates peptides successfully through a disul®de bond as designed.
Membrane-targeting function of the alkyl modi®cation
The anticipated result of alkylating cysteine-containing peptides as described above is that such a modi®cation will confer a membrane-anchoring capacity to these peptides. 
Stability of thioalkylated peptides
The disul®de bond is labile in the presence of reagents that promote thiol±disul®de exchange reactions (30, 31) . Clearly, reducing agents (such as glutathione or DTT) that are commonly employed in biochemical assays should be used peptide species were generated readily via mixed disul®de linkages in the presence of DTT, but in the absence of free thiol no formation of mixed disul®de products occured [32] .
Discussion
The synthetic approach that has been chosen to mimic protein palmitoylation has a number of attractive features.
First, the synthesis and puri®cation method is robust, having been demonstrated with both water-soluble (2) and water-insoluble (4) peptides. Also, the chemistry is straightforward, having been performed in solution under mild conditions and in few steps. Importantly, 1 speci®cally modi®es the SH group on cysteine and will not react with OH or NH 2 groups, so the synthesis method described above 
